Abstract --The variation in the prescribed modulation schemes and code rates for WiMAX interleaver design, as defined by IEEE 802.16 standard, demands a plethora of hardware if all the modulation schemes and code rates have to be unified into a single electronic device. Add to this the complexities involved with the algorithms and permutations of the WiMAX standard, invariably dependent on floor function which is extremely hardware inefficient. This paper is an attempt towards removing the complexities and excess hardware involvement in the implementation of the permutations involved in Deinterleaver designs as defined by IEEE 802.16
I INTRODUCTION
The significance of this paper lies in the fact that the constant evolution of communication standards always poses a challenge to the development of a unifying algorithm standard. This paper is an attempt to incorporate random code rates as a possible convenience for future implementations of WiMAX deinterleaver design and at the same time focusing on area efficiency of the overall circuit by resource sharing. This paper is an amendment of the designs suggested by [1] . WiMAX (Worldwide Interoperability for Microwave Access) , defined by IEEE 802.16e standard, was created in 2001 and is capable of delivering up to 70 megabit data rates per second with the added advantage of mobility [4] .
II THE WiMAX MODEL
The WiMAX model mainly consists of the following blocks: (Figure 1 The randomizer eliminates a long sequence of zeros and ones so that synchronization is not lost. It works on bit by bit basis. Encoding is used for forward error correction where additional redundancy bits are added to the output of the randomizer. Interleaver is used for protection against burst errors which can make a sequence of consecutive bits erroneous, thus making it difficult for the error correcting codes to correct this long sequence of consecutive errors. WiMAX uses Reed Solomon Codes and its error correcting capacity is 8 bits. If there are more than 8 consecutive bits in error than RS code will not be able to correct them. It is the job of the interleaver to break this sequence of consecutive erroneous bits and make it possible to correct errors by RS codes. The mapper maps the incoming bits onto a constellation. The governing equation for WiMAX interleaver/deinterleaver is a two step permutation and is defined by IEEE 802.16 standard is given by [3] , [4] :
The deinterleaver performs inverse operations and the permutations for it are defined as follows:
Equations (3) and (4) define a two level permutation and j is the index of the received bit within a block of bits. The first equation is for mapping the adjacent codded bits onto non adjacent subcarriers of the OFDM modulation scheme and second equation and the second permutation maps them alternately onto less or more significant bits of the constellation thus avoiding long runs of less reliable bits. The letter 'd' represents the number of rows of the block deinterleaver and may be chosen as 12 or 16. We have preferred d = 16 in this paper as 16 is a power of 2 and division with any number other than the power of 2 is not feasible for FPGA implementation. 'k' varies from 0 to N and is the output of the first equation and is the output of the second equation. The parameter 's' is defined as max{1, } , where stands for numner of codded bits per symbol of the OFDMA modulation scheme. The floor fuction has been represented as . [2] . [2] suffers from some mathematical complexities and is not clearly explained whereas [1] , though being a simple approach can be further simplified to incorporate random code rates for future developments and at the same time incorporation further hardware efficiency. The following sections consist of the work we have done, the results and discussions and finally the conclusion.
IV PROPOSED METHOD
An alternate algorithm to generate the deinterleaver addresses by eliminating the floor function has been obtained by [1] . The addresses generated for different code rates and modulations are shown in Tables I,II ,III. These are the addresses generated by using the permutation formulae given by IEEE 802.16 standard for WiMAX deinterleaver.
Here the value of 'd' has been chosen as 16 , though other values are also possible (e.g.12). This is done keeping in the the final synthesis problems i.e. Xilinxs does not allow division by a number other than the power of two. The algorithm used to generate the above addresses, thus bypassing the floor function of the permutation formulae defined by IEEE are defined as in figure 2. Here j (0 to d-1) gives us the row number and i (0 to -1) gives the column number.
represents the deinterleaver addresses. We have modified the implemented circuitry for the above algorithm keeping in view the optimality of the final design in terms of generalization of the address generator to accept random code rates and the final hardware efficiency. The designing process has been divided into four modules. The first three modules deal with the designs of QPSK, 16-QAM and 64-QAM address generators and the final module deals with the combination of these three modules using resource sharing. A divider and a subtractor (minus one) circuit has been used as a common input module for all the three types of modulations and resource sharing has been done in terms of the blocks common to all the three modulation schemes. The divider and a subtractor (minus one) combination at the input of the modulation blocks makes it possible to accept random code rates and also eliminates the use of multiple multiplexer modules as done by [1] and as it is common to all the three modules, we can use only one divider and subtractor module instead of three, thereby further reducing the hardware. The block diagram representation has been shown in figures III,IV,V and VI for QPSK, 16-QAM and 64-QAM and the final deinterleaver block. Table IV where comparison has been drawn between the LUT based technique, the technique proposed by [1 ] and our proposed scheme. It was observed that significant reduction is obtained in hardware utility and at the same time the operating frequency also increased. The Simulation is shown in Figure VII , which shows the addresses generated for code rate zero and interleaving depth (Ncpbs) equal to 96.
VI CONCLUSION
Apart from successfully optimizing the hardware and operating frequency requirements by complexities arising from the presence of the floor function in the permutation formulae defined by IEEE 802.16, our proposed method has also made the deinterleaver a generalized circuit in terms of accepting any range of Interleaving Depth (Ncpbs) thus rendering it as a flexible in terms of future developments.
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